).
The isolation of micro-organisms capable of hydrocarbon biodegradation and utilization has been an area of extensive research. A wide variety of bacterial genera were found to exhibit the ability to degrade and utilize hydrocarbon substrates (Leahy & Colwell, 1990) . Actinobacteria are ubiquitous in the environment, especially in oil or polycyclic aromatic hydrocarbon-contaminated soil and the catabolic activities of actinobacteria are increasingly identifying them as the ideal candidate for the biodegradation of hydrocarbons. Actinobacteria can contribute significantly to the bioremediation of oil-contaminated sites (Beard & Page, 1998) .
During the course of an investigation of the culturable bacterial community in crude oil-contaminated soil from the north of Kuwait, a large number of bacteria were isolated. In this study, one of the isolates, strain 12-833 T , was characterized. Phenotypic, physiological, biochemical and phylogenetic analyses have established the affiliation of this isolate to the genus Prauserella, and the data obtained in this work suggest that the isolate represents a novel species of this genus.
The genus Prauserella includes Gram-positive bacteria that belong to the family Pseudonocardiaceae of the order Actinomycetales. At the time of writing, ten species of the genus Prauserella have been described, namely Prauserella rugosa (Kim et al., 1999) , Prauserella halophila, Prauserella alba (Li et al., 2003) , Prauserella salsuginis, Prauserella flava, Prauserella aidingensis and Prauserella sediminis (Li et al., 2009) , Prauserella muralis (Schäfer et al., 2010), Prauserella marina (Wang et al., 2010) , and most recently, Prauserella coralliicola (Wu et al., 2014) . Members of this genus are aerobic, non-acid-fast, and halophilic or halotolerant. The substrate mycelia undergo fragmentation whereas the aerial mycelia forms spores on chains. The predominant menaquinone is MK-9(H 4 ). Cells lack mycolic acids but contain meso-diaminopimelic acid (meso-DPM), galactose and arabinose (Lechevalier et al., 1977) . The DNA G+C contents are between 65.8 and 69.9 mol%.
Strain 12-833
T was isolated from a crude oil-contaminated soil sample. One gram of soil sample was added to 9 ml phosphate-buffered saline (PBS) and shaken thoroughly for 10 min. Aliquots of the suspension were then spread on a 3 % NaCl mineral inorganic agar medium according to Sorkhoh et al. (1990) The potential of strain T to utilize various hydrocarbons as sole carbon and energy sources was determined quantitatively in the presence of n-alkanes with chain lengths C 16 and C 18 , the aromatic hydrocarbon phenanthrene, and crude oil. A confluent biomass growth of the isolate in tryptone soya broth from 48 h culture was centrifuged and the pellet was washed twice with liquid mineral inorganic medium. A common inoculum of strain 12-833 T was then prepared by suspending the washed biomass in liquid mineral inorganic medium. Aliquots (1 ml) of the prepared common inoculum were transferred into 250 ml screw-capped flasks containing 30 ml liquid inorganic medium with 1 % (w/v) tested hydrocarbon. Three replicates prepared for each tested hydrocarbon and control samples were prepared in similar way but received no growth inoculum. The flasks were tightly screw-capped to avoid hydrocarbon volatilization and were incubated on a rotary shaker (170 r.p.m.) at 30 8C for 3 days. At the end of the incubation period, residual hydrocarbons of each flask were recovered by extraction three times with 5 ml pentane. The combined extracts were completed to 20 ml with pentane and 1 ml was analysed by gas liquid chromatography (GLC) (Varian 3900; Bruker). The peak areas of residual hydrocarbons were compared to the areas of the control peaks enabling the calculation of decreased percentages. The values obtained were taken as a quantitative measure of the hydrocarbon degradation. Strain 12-833 T consumed considerable proportions of crude oil, n-hexadecane (C 16 ), n-octadecane (C 18 ) and phenanthrene (Table  S1 , available in the online Supplementary Material).
Morphological characteristics were observed by light microscopy and scanning electron microscopy (JSM-6300; JEOL) after 7 days growth on mineral inorganic agar medium containing a filter paper impregnated with oil vapour as the sole source of carbon and energy (prepared as described above). Substrate mycelia of strain 12-833 T were well-developed and fragmented, and aerial mycelia were apparent (Fig. 1) . Strain 12-833 T formed white aerial mycelium on mineral agar and starch-casein agar medium at 30 8C and the substrate mycelium was dark beige and produced a diffuse light orange pigment. On ISP 2 agar medium at 30 8C, the aerial mycelium was grey-white with dark coloured substrate mycelia. Growth under different NaCl concentrations was tested in the range of 0-20 % (w/v), in increments of 1 %. Media and procedures for the determination of physiological features and carbon source utilization patterns were as described by Williams et al. (1989) .
The detailed physiological and biochemical characteristics of strain T are given in the species description and in Table 1 . A series of morphological, biochemical and physiological properties could distinguish isolate 12-833
T from other described species of the genus Prauserella (Table 1 ).
The extraction of respiratory quinones and polar lipids and the analysis of polar lipids were performed according to Tindall (1990a, b) . Cellular fatty acids analysis was performed as described by Sasser (1990) using the Microbial Identification System (MIDI). The predominant menaquinone of strain 12-833 T was MK-9(H 4 ) (80 %); minor amounts of MK-8(H 4 ) (13 %) and MK-9(H 6 ) (4 %) were also detected. Whole-organism hydrolysates of strain 12-833 T contained meso-DPM as diagnostic diamino acid of the peptidoglycan. The polar lipids of strain 12-833 T comprised diphosphatidylglycerol, hydroxyphosphatidylethanolamine, phosphatidylethanolamine, together with three phospholipids, one amino lipid and a weak spot of glycolipids (Fig. S1 ). The major fatty acids of strain 12-833 T were iso-C 16 : 0 , C 17 : 1 v6c and iso-H C 16 : 1 . The fatty acid profile of strain 12-833 T was very similar to its closest relative P. muralis 05-Be-005 T (Table 2) , however quantitative and qualitative differences could be observed.
Genomic DNA extraction and PCR amplification of the 16S rRNA gene were performed as described by Rainey et al. (1996) . The length of the 16S rRNA gene sequence of strain T was a continuous stretch of 1525 bp. Comparison with sequences from the GenBank database indicated that strain 12-833 T had the highest sequence similarity to members of the genus Prauserella. Strain 12-833 T showed the highest 16S rRNA gene sequence similarity to P. muralis 05-Be-005 T (98.3 %), P. marina MS498 T (96.9 %) and P. rugosa DSM 43194 T (96.7 %).
Multiple alignments of the complete 16S rRNA gene sequence of strain 12-833 T with sequences of all species of the genus Prauserella were carried out using CLUSTAL X software (Thompson et al., 1997) . Phylogenetic analysis was performed according to the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods using PAUP * (Swofford, 2002) with bootstrap values based on 2000 replications. The resulting phylogenetic tree indicated that strain 12-833 T belongs to the genus Prauserella and placed it into a separate subclade with P. muralis 05-Be-005 T (Fig. 2) . DNA-DNA hybridization was performed using the optical renaturation method (De Ley et al., 1970; Huss et al., 1983) to determine the genetic relatedness between strain 12-833 T and P. muralis 05-Be-005
T . The DNA-DNA relatedness *Summed features are groups of two or three fatty acids that could not be separated using the Microbial Identification System (MIDI). Summed feature 3 comprises C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 9 comprises one or more of iso-C 17 : 1 v9c and C 16 : 0 10-methyl.
A. Almutairi value was 45.5 ¡ 1.9 % (mean value of three hybridizations; 26 SSC+10 % formamide at 70 8C), which is lower than the threshold value of 70 % recommended by Wayne et al. (1987) for the delineation of genomic species. Therefore, this result confirms that strain 12-833 T represents a distinct genomic species. The DNA G+C content of strain 12-833 T was 71.1 mol%, as determined by reverse-phase HPLC of nucleosides (Mesbah et al., 1989) .
T biodegraded crude oil, and aliphatic and aromatic hydrocarbons in culture medium, and to assess the catabolic potential of strain 12-833 T , the presence of the gene alkB in the genomic DNA of strain 12-833 T was determined. The gene alkB encodes alkane 1-monooxygenase, a key enzyme responsible for the initial oxidation of inactivated alkanes and frequently used as a marker to assess the catabolic potential of bacteria in bioremediation. PCR amplification of the alkane 1-monooxygenase gene (alkB) was performed to partially amplify a 558 bp fragment of alkB according to Shen et al. (2010) , and the obtained sequence was deposited in the GenBank database. The translated alkB amino acid sequence deduced from the alkB nucleotide sequence was aligned with other actinobacteria alkB sequences available in the GenBank database using CLUSTAL X. Phylogenetic analysis was performed according to the neighbour-joining method with the same parameters mentioned above (Fig. S2) . The resulting phylogenetic tree revealed that the alkB amino acid sequence of strain 12-833 T segregated separately from the sequence of the closely related species Prauserella rugosa.
On the basis of the comprehensive analyses of the phylogenetic, phenotypic and chemotaxonomic characteristics, strain 12-833 T should be considered a member of the genus Prauserella. Strain 12-833 T also exhibited many phenotypic and chemotaxonomic differences from its closest phylogenetic neighbour P. muralis 05-Be-005 T (5DSM 45305 T ) (Tables 1 and 2 ). The isolate therefore represents a novel species of the genus Prauserella for which the name Prauserella soli sp. nov. is proposed.
Description of Prauserella soli sp. nov
Prauserella soli (so9li. L. gen. n. soli of soil, the source of the type strain).
Aerobic, Gram-stain-positive and forms aerial mycelium on all media tested. The substrate mycelium is fragmented and dark beige. Optimum growth occurs on starch-casein agar medium at 28-30 uC and pH 6.8. Grows at pH 5-7 and in the presence of 0-8 % (w/v) NaCl. D-glucose, D-mannose, trehalose, D-galactose, maltose, N-Acetyl-Dglucoseamine, cellobiose, D-fructose, D-sorbitol, gentiobiose, myo-inositol, lactose and raffinose can be utilized as carbon sources, but D-arabitol, D-Mannitol and Lrhamonse cannot be utilized. L-alanine, L-proline, L-arginine and L-serine can be utilized as nitrogen sources, but L-Aspartate, L-histidine, and DL-tryptophan cannot be utilized as nitrogen sources. Gelatin liquefaction and catalase are positive, but hydrogen sulphide production, urease, oxidase and nitrate reduction activities are negative. The polar lipids are diphosphatidylglycerol, hydroxyphosphatidylethanolamine, phosphatidylethanolamine, three phospholipids, one amino lipid and a weak spot of glycolipids. The predominant menaquinone is MK-9(H 4 ), and MK-8(H 4 ) and MK-9(H 6 ) are also present. Whole-organism hydrolysates contain meso-DPM as diagnostic diamino acid of the peptidoglycan. The major cellular fatty acids are iso-C 16 : 0 , C 17 : 1 v6c and iso-H C 16 : 1 . The DNA G+C content of the type strain is 71.1 mol %.
The type strain, 12-833 T (5DSM 45819 T 5LMG 28346 T ), was isolated from crude oil-contaminated soil from north of Kuwait.
